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SLH]RUHVLVWLYHVHQVRUV $GHWDLOHGVWXG\RQDSSOLFDWLRQVRISLH]RUHVLVWLYHVHQVRUV LVDYDLODEOH LQ %DUOLDQHWDO
7KH SUHVHQW VWXG\ GLVFXVVHV WKH GHVLJQ UHTXLUHPHQWV RI D SLH]RUHVLVWLYH FDQWLOHYHU XVHG LQ WZR YHU\ LPSRUWDQW
QDQRPHFKDQLFDO DSSOLFDWLRQVRISLH]RUHVLVWLYLW\ DVD IRUFHVHQVRULQ$)0DQG VXUIDFHVWUHVVVHQVRUIRUELRVHQVRU
$)0LVXVHGWRVWXG\ WKH VXUIDFHWRSRORJ\ E\PHDQVRIGHWHFWLQJWKHDWRPLF IRUFH EHWZHHQWKH$)0FDQWLOHYHU
WLSDQGWKHZRUN E\PHDQVRIPHDVXULQJWKHFDQWLOHYHUWLSGHIOHFWLRQ $)0 IRUFH VHQVRUZLWKSLH]RUHVLVWLYHUHDGRXW
ZDV ILUVWSURSRVHGE\7RUWRQHVHHWDO /DWHULWZDVLPSURYHGXSRQE\&KXLHWDODQG7KD\VHQHWDO
 5DVPXVVHQ HW DO  0XNKRSDGK\D\ HW DO  DQG =KRX HW DO  XVHG SLH]RUHVLVWLYH
PLFURFDQWLOHYHUELRVHQVRUWRVWXG\DQDO\WHUHFHSWRU W\SH LQWHUDFWLRQV 7KHYDULDWLRQLQVXUIDFHVWUHVVGLVWULEXWLRQRQ
WKHDFWLYHFDQWLOHYHUVXUIDFHEHFDXVHRIWKHLQWHUDFWLRQ SURGXFHV QRUPDO VWUHVVLQWKHFDQWLOHYHU7KHGHIOHFWLRQDQG
QRUPDO VWUHVV LV GHWHUPLQHG E\PHDVXULQJ WKH YROWDJH FKDQJH DFURVV WKH WHUPLQDOV RI WKH SLH]RUHVLVWRU 7KXV WKH
LQWHJUDWHG UHDGRXW DELOLW\RI SLH]RUHVLVWLYHPLFURFDQWLOHYHU VHQVRUV PDNHV WKHVHGHYLFHV FRPSDFW UREXVW DQG ORZ
SRZHU )LJVKRZVWKHVFKHPDWLFGHLJQRIDSLH]RUHVLVWLYH VLOLFRQ PLFURFDQWLOHYHUFRPPRQO\XVHGLQ$)0 WLSQRW
VKRZQ DQGELRVHQVRUDSSOLFDWLRQ7KH SLH]RUHVLVWRU OD\RXW LQXVKDSH FUHDWHGE\ SW\SH GRSLQJ LVDOVRLQGLFDWHG
)LJ6FKHPDWLFRIDSLH]RUHVLVWLYHPLFURFDQWLOHYHUVHQVRU ZLWKXVKDSHSLH]RUHVLVWRU
,QWKLV ZRUN ILQLWHHOHPHQWDQDO\VLVVRIWZDUH$16<6LVXVHGWRILQGWKHGHVLJQSDUDPHWHUVRIWKHSLH]RUHVLVWRU
IRU DSSOLFDWLRQ LQ $)0 DQG ELRVHQVRU $ VLOLFRQ PLFURFDQWLOHYHU ZLWK SGRSHG SLH]RUHVLVWRU LV VWXGLHG 7KUHH
FDQWLOHYHUPRGHOVIRUHDFKDSSOLFDWLRQZHUHVWXGLHG 7KHFDQWLOHYHUDQGSLH]RUHVLVWRUOHQJWKVYDULHGDVȝPDQG
ȝP7KHUHVXOWV IRUPD[LPXP WLSGHIOHFWLRQDQGDYHUDJH ORQJLWXGLQDOVWUHVV LQGXFHG LQ WKHSLH]RUHVLVWRUZHUH
REWDLQHG)LQDOO\WKHVHQVLWLYLW\UHVXOWIRUHDFKGHVLJQZDVGHWHUPLQHG
 7KHRU\DQG )LQLWH(OHPHQW$QDO\VLV
7KHQRUPDOVWUHVVLQD SLH]RUHVLVWRULVUHODWHGWR LWVUHVLVWDQFHFKDQJHDVǻ55  ʌO ıOZKHUH ʌO LVWKHFRHIILFLHQW
RISLH]RUHVLVWLYLW\DQG ıO LVQRUPDOVWUHVVLQGXFHGLQWKHSLH]RUHVLVWRUEHFDXVHRIGHIOHFWLRQ )LJDDQGEVKRZ
WKHVFKHPDWLFSULQFLSOHRIRSHUDWLRQRI$)0DQGELRVHQVRU7KHSLH]RUHVLVWRULV LQGLFDWHGDV D EODFNOD\HUQHDUWR
WKH WRS FDQWLOHYHU VXUIDFH ,Q$)0 WKH DWRPLF DWWUDFWLRQ IRUFH EHWZHHQ WKH FDQWLOHYHU WLS DQG WKH VDPSOH DWRPV
SURGXFHVDGRZQZDUGGHIOHFWLRQZKHUHDVWKHFKDQJHLQVXUIDFHVWUHVVGLVWULEXWLRQUHVXOWVLQDGRZQZDUGGHIOHFWLRQ
LQ FDVH RI ELRVHQVRU $OWKRXJK WKH FDQWLOHYHU LV GHIOHFWHG GRZQZDUG LQ ERWK FDVHV WKH IXQGDPHQWDO EHQGLQJ
PHFKDQLFVLVGLIIHUHQW$)0EHQGVZLWKQRQXQLIRUPEHQGLQJPRPHQW EXW ELRVHQVRUZLWKXQLIRUPRQH)LJF
)LJ6FKHPDWLFRIPHFKDQLFDOPRGHORID$)0DQGEELRVHQVRUDQGFWKHLUOHQJWKZLVHEHQGLQJPRPHQWGLVWULEXWLRQ
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,QWKHQXPHULFDODQDO\VLVDFRPPHUFLDO)($VRIWZDUH$16< ZDV XVHGWRDSSO\WLSIRUFH LQ$)0 DQGVXUIDFH
VWUHVV RQWKHWRSVXUIDFH LQELRVHQVRU RIWKHFDQWLOHYHUVDQGGHWHUPLQH WKH WLS GHIOHFWLRQDQGQRUPDOVWUHVVLQVLGH
WKHLU SLH]RUHVLVWRU 7KUHHPRGHOV IRU HDFK FDVH ZHUH VWXGLHG O  OS   ȝP LQ0RGHO O  OS   ȝP LQ
0RGHO DQG O  OS    ȝP LQ 0RGHO 7KH SLH]RUHVLVWRU ZLGWK DQG WKLFNQHVV ZDV  ȝP DQG  ȝP
UHVSHFWLYHO\ $W\SLFDOYDOXHRIVXUIDFHVWUHVVRI DERXW 1P DQGLWVHTXLYDOHQWWLSIRUFHRIDERXWQ1 ZDV
XVHG DVORDG ,Q$)0WKHWLSIRUFHLVDSSOLHGGRZQZDUGWRWKHIUHHHQG RIFDQWLOHYHU ZKHUHDV LQ FDVHRI ELRVHQVRU
WKH VXUIDFH VWUHVV LV DSSOLHG DV ELGLUHFWLRQDO WHQVLOH IRUFH DFWLQJ RQ WKH WRS FDQWLOHYHU VXUIDFH 7KH UHVXOWV IRU
PD[LPXPWLSGHIOHFWLRQVDQGDYHUDJHQRUPDOVWUHVVLQVLGHWKHLUSLH]RUHVLVWRUDUHREWDLQHG
 5HVXOWVDQG'LVFXVVLRQ
7DEOH  SUHVHQWV WKH WLS GHIOHFWLRQ DYHUDJH ORQJLWXGLQDO VWUHVV DQG VHQVLWLYLW\ UHVXOWV IRU GLIIHUHQW FDQWLOHYHU
PRGHOVZKHQXVHGLQ$)0DQGELRVHQVRU7KHGHIOHFWLRQUHVXOWVIRU0RGHODUHDERXWVDPHZKHQXVHGLQ $)0
DQGELRVHQVRUEHFDXVHRI HT &KDQJLQJ0RGHOWR0RGHOLQFUHDVHG WKHGHIOHFWLRQLQ $)0DQGELRVHQVRUDV
VXJJHVWHGE\HTDQG HT 7KHGHIOHFWLRQUHVXOWVIRU0RGHODQG0RGHODUHVDPHEHFDXVHWKHWZRPRGHOV
DUH LGHQWLFDO LQPHFKDQLFVYLHZ LH VDPHPDWHULDO DQG VL]H ʌO  î P1 IRU SGRSHGSLH]RUHVLVWRU 7KH
VHQVLWLYLW\UHVXOWV IRU$)0VKRZ DPD[LPXPZKHQWKHSLH]RUHVLVWRUVL]HLVKDOI WKHFDQWLOHYHUVL]H7KLVVXJJHVWV
WKH VHQVLWLYLW\ RI$)0FDQ EH LPSURYHG E\ LQFUHDVLQJ WKH FDQWLOHYHU OHQJWK DQG NHHSLQJ WKH SLH]RUHVLVWRU OHQJWK
DERXWKDOIWKHFDQWLOHYHUOHQJWK7KHVHQVLWLYLW\UHVXOWVIRUELRVHQVRUDUHXQDIIHFWHGE\WKHFDQWLOHYHUPRGHO
7DEOH'HIOHFWLRQVWUHVVDQGVHQVLWLYLW\UHVXOWVIRUGLIIHUHQWFDQWLOHYHUPRGHOVXVHGLQ$)0DQGELRVHQVRU
$SSOLFDWLRQ 0RGHO į ȝP ıO 03D ǻ55 
$)0
0RGHO   
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)LJ 'HIOHFWLRQGLVWULEXWLRQ LQGLIIHUHQW $)0 OHIWFROXPQDQGELRVHQVRUULJKWFROXPQ SLH]RUHVLVWLYHPLFURFDQWLOHYHU GHVLJQV ȝP
)LJ  SUHVHQWV WKH GHIOHFWLRQ GLVWULEXWLRQ LQ GLIIHUHQW FDQWLOHYHUV GHVLJQV ZKHQ XVHG LQ $)0 DQG ELRVHQVRU
DSSOLFDWLRQV7KHGLVWULEXWLRQLVRQHGLPHQVLRQDOLQ$)0EXWWZRGLPHQVLRQDOLQELRVHQVRU7KXV WKH IXQGDPHQWDO
GHIOHFWLRQEHKDYLRXURI $)0DQGELRVHQVRUDUHGLIIHUHQW )LJVKRZVWKHDYHUDJHORQJLWXGLQDOVWUHVVGLVWULEXWLRQ
LQVLGHWKHSLH]RUHVLVWRUHOHPHQWRIGLIIHUHQWFDQWLOHYHUPRGHOVZKHQXVHGLQ$)0DQGELRVHQVRU7KHPRGHOVVKRZ
VLPLODUEHKDYLRXU IRUHDFKDSSOLFDWLRQ%XWWKHVWUHVVGLVWULEXWLRQ LQ $)0DQGELRVHQVRULVGLIIHUHQW,Q$)0 WKH
VWUHVV YDOXHV LQFUHDVHFRQWLQXRXVO\ IURP WKHFDQWLOHYHU WLS WR LWV IL[HGHQG ZKHUHDPD[LPXPRFFXUVZKHUHDV LQ
ELRVHQVRUWKHVWUHVVYDOXHVVKRZVLJQLILFDQWYDULDWLRQRQO\WRZDUGVWKHIL[HGHQGDQGDUHDOPRVWFRQVWDQWIRUPRVW
SRUWLRQ RI WKH FDQWLOHYHU ,Q RWKHU ZRUGV WKH VWUHVV GLVWULEXWLRQ LV KLJKO\ QRQXQLIRUP LQ $)0 EXW LV UHODWLYHO\
XQLIRUP LQ FDVH RI ELRVHQVRU ,Q DGGLWLRQ WKH DYHUDJH VWUHVV YDOXHV LQ $)0 VKRZ VLJQLILFDQW YDULDWLRQ ZLWK
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FDQWLOHYHUPRGHOV+RZHYHUWKHVWUHVVYDOXHVIRUELRVHQVRUDUHDOPRVWFRQVWDQWIRUWKHWKUHHPRGHOV 7KXVFKDQJLQJ
WKHFDQWLOHYHUPRGHOLVKHOSIXORQO\WR$)0DQGQRWWRELRVHQVRUSHUIRUPDQFH
)LJ/RQJLWXGLQDOVWUHVVGLVWULEXWLRQLQSLH]RUHVLVWRURIGLIIHUHQW$)0OHIWFROXPQDQGELRVHQVRUULJKWFROXPQ SLH]RUHVLVWLYH
PLFURFDQWLOHYHUGHVLJQV 03D
6HOIKHDWLQJ RU -RXOH KHDWLQJ LV D PDMRU VRXUFH RI QRLVH LQ SLH]RUHVLVWLYH PLFURFDQWLOHYHU VHQVRUV 7KH
WHPSHUDWXUHV SURGXFHG GHSHQG RQ PDQ\ SDUDPHWHUV LQFOXGLQJ WKH SLH]RUHVLVWRU VL]H LWV WRWDO UHVLVWDQFH WKH ELDV
YROWDJHFDQWLOHYHUVL]HDQGRSHUDWLQJHQYLURQPHQW $QVDULDQG&KR,WKDVEHHQVKRZQWKDW
SLH]RUHVLVWLYH FDQWLOHYHUV ZLWK VKRUW DQG QDUURZ SLH]RUHVLVWRU DUH KHOSIXO LQ UHGXFLQJ WKH DGYHUVH HIIHFWV RI VHOI
KHDWLQJ LQ SLH]RUHVLVWLYH PLFURFDQWLOHYHU ,Q DGGLWLRQ WKH KLJKHU WKH FDQWLOHYHUWRSLH]RUHVLVWRU YROXPH UDWLR WKH
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ORZHUWKHPD[LPXPWHPSHUDWXUHSURGXFHGZLOOEH,QRWKHUZRUGVDORQJFDQWLOHYHUZLWKVKRUWSLH]RUHVLVWRULVEHWWHU
GHVLJQIURPVHOIKHDWLQJFULWHULRQ7KHUHIRUHZHFDQFRQFOXGHWKDW0RGHOLVWKHEHVWGHVLJQIRU$)0EHFDXVHLW
QRW RQO\ LQFUHDVHV WKH VHQVLWLYLW\ E\ PRUH WKDQ WKUHH WLPHV EXW DOVR KDV WKH KLJKHVW FDQWLOHYHUWRSLH]RUHVLVWRU
YROXPHUDWLR6LPLODUO\0RGHO LVDOVR WKHEHVWGHVLJQ IRUELRVHQVRUQRWEHFDXVHRI LWV LPSURYHGVHQVLWLYLW\EXW
EHFDXVHRILWVKLJKHVWFDQWLOHYHUWRSLH]RUHVLVWRUYROXPHUDWLR
 &RQFOXVLRQV
7KLVVWXG\LQYHVWLJDWHGWKHGHVLJQUHTXLUHPHQWVRIDSLH]RUHVLVWLYHPLFURFDQWLOHYHUZLWKDXVKDSHGSLH]RUHVLVWRU
WREHXVHGLQ$)0DQGELRVHQVRUDSSOLFDWLRQV XVLQJ)($:HSURSRVHGWKUHHFDQWLOHYHUPRGHOVDQGFRPSDUHGWKHLU
VHQVLWLYLWLHVZKHQXVHGLQ$)0DQGELRVHQVRUE\DSSO\LQJDWRPLFIRUFHDQGVXUIDFHVWUHVVORDGUHVSHFWLYHO\5HVXOWV
VKRZHGWKDWWKHHIIHFWRIWLSIRUFHRQGHIOHFWLRQLQ$)0FDQEHDSSUR[LPDWHGE\DQHTXLYDOHQWVXUIDFHVWUHVVLQFDVH
RIELRVHQVRU :HIRXQGWKDWLQFUHDVHLVFDQWLOHYHUOHQJWKLVEHQHILFLDOWRVHQVLWLYLW\RI$)0EXWQRWWRELRVHQVRU,Q
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